Abstract Despite a known optimal treatment protocol for the management of glioblastoma multiforme (GBM), many patients fail to receive complete surgical resection or postoperative radiation therapy (PORT). The underlying reasons behind this disparity are unclear. Our study investigates the influence of regional health system resources on the surgical management and PORT receipt in patients with GBM. Surgical intervention, PORT receipt and patient data for patients diagnosed with GBM were obtained from the years 2004 to 2008 from the NCI Surveillance, Epidemiology, and End Results database and combined with the health system data from the Area Resource File. Four logistic models were constructed to test the effect of health system characteristics on surgical treatment choice and PORT receipt among health service areas (HSAs). We found that younger, married patients in HSAs with higher median incomes were significantly more likely to receive both gross total resection (p \ 0.001, p \ 0.001, p = 0.002) and PORT (p \ 0.001, p \ 0.001, p = 0.008). The density of radiation oncology equipped hospitals was also a significant predictor of PORT receipt (p = 0.002). Our findings suggest regional variations in of neuro-oncology services and income may have impact on GBM management. Policies aimed at narrowing disparities in treatment may need to focus on addressing regional variations in oncology resources.
Introduction
Glioblastoma multiforme (GBM) is the most common primary brain tumor in adults and continues to carry a very poor prognosis with a median survival of approximately 1 year [1] . The current standard of treatment for GBM includes maximal surgical resection followed by postoperative radiation therapy (PORT) in combination with chemotherapy [2] . Despite an established optimal treatment protocol, some patients with GBM fail to receive complete surgical resection or PORT, highlighting a concerning gap in treatment. The underlying reasons behind the disparity in treatment are poorly understood, but are particularly troubling given the high mortality rate associated with GBM.
The influence of regional healthcare systems on cancer care is becoming increasingly recognized. Specifically, physician density has been shown to influence health outcomes in a variety of diseases, [3] [4] [5] [6] and evidence suggests that the density of primary care physicians may be particularly important for reducing cardiovascular and cancer mortality rates [7] . Moreover, recently proposed healthcare reform legislation has placed a new focus on assessing the adequacy of the supply and geographic distribution of the physician workforce [8] . Significant and persistent geographical maldistribution of oncologic specialists and health resources have been associated with variations in treatment patterns as well as clinical outcomes, and highlight a potential driver of cancer related disparities [9] [10] [11] . At a time when the US health care system is in flux, a deeper understanding of how the distribution of specialists and oncology centers influence cancer treatment may be helpful for developing policies that promote better patient outcomes. Our study investigates the influence of regional health system resources on the surgical management of GBM and receipt of PORT following surgery.
Methods
Data sources and study sample There were two primary data sources utilized in this study. Clinical data was derived from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) publicuse database. The SEER dataset covers approximately 26 % of the United States from 17 cancer registries [9] . The dataset provides clinical information including, patient age, gender, race, marital status, histology, initial treatment and overall survival. The study sample included patients within the SEER dataset aged 18 years of older with GBM (International Classification of Diseases for Oncology, Version 3 histology codes 9440-9442) diagnosed between the years 2004 and 2008. Patient data of interest included patient age, race and marital status. Clinical data studied included type of surgical intervention and whether the patient received post-operative external-beam radiation therapy.
Health system data was obtained from the 2007 edition of the Area Resource File (ARF). Published by the Health Resources and Services Administration of the US Department of Health and Human Services, the ARF is a collection of data from over 50 sources, including the American Medical Association, American Hospitalization Association, US Census, and National Center for US Health Statistics [12] . The ARF aggregates information concerning the healthcare professionals, healthcare facilities, and population for each county in the United States. Health system characteristics studied included number of population, radiation oncologists, neurosurgeons, primary care physicians, radiation therapy equipped hospitals, general oncology equipped hospitals, and median household income within a county for the years 2004-2008.
Construction of variables
The geographic units of analysis were the 154 Health Service Areas (HSAs) within the SEER dataset as defined by the National Center for Health Statistics and National Cancer Institute. HSAs are defined as a single county or group of contiguous counties that remain self-contained with respect to hospital care. HSAs were chosen as the unit of analysis because they best represent geographic access to healthcare within a region. County level data from the ARF was aggregated to HSAs using simple summation for physician and population variables and population weighted sums descriptive variables. Physician and hospital densities were calculated at 5-year population averages per 100,000 residents. To prevent 'immortal time bias' from patients who did not survive long enough to receive radiation treatment or whose comorbidities made them highrisk surgical candidates, we limited our cohort to patients who received surgical intervention and survived at least 6 months after time of diagnosis. [13] Additionally, patients who received radiation other than external-beam radiation therapy were excluded from the analysis.
Statistical analysis
To visually evaluate the relative distribution of neurooncologic resources across the United States, physician densities and hospital densities were mapped using to corresponding HSAs using the geographical information system ArcGIS Version 9.2 (Environmental Systems Research Institute, Inc., Redlands, CA).
A total of four logistic models were constructed to test the effect of health system characteristics on surgical treatment choice and receipt of PORT. Three logistic models were built to test the influence of regional healthcare systems on whether patients underwent gross total resection, partial resection, or only biopsy. Because we assumed that radiation therapy services were unlikely to be related to initial surgical treatment choice, density of radiation oncologists and radiation therapy equipped hospitals were excluded from the surgery logistic models. To test the factors associated with the receipt of PORT a fourth logistic model was build, which included radiation oncologist and radiation therapy equipped hospital density. Statistical significance was determined at p \ 0.05. Statistical analysis was conducted using Stata Version 9.2 (Stata, College Station, TX).
Results
In total of 8,337 patients within the SEER dataset were diagnosed with GBM from 2004 to 2008. Of these 2,346 (28.2 %) were excluded because they received only radiation therapy (1,207 patients) or no attempted treatment (1,139 patients). Our final study cohort included 5,991 patients with a mean age of 61 years ranging from ages 18 to 95.1 years. 68.1 % of the study sample was married and 90.6 % was white.
Patients were more likely to receive gross total resection and PORT (38.6 %) than any other treatment regimen.
However, a substantial proportion of patients received partial resection and PORT (29.8 %) or only biopsy and PORT (15.5 %). A smaller number of patients received gross resection (7.7 %), partial resection (8.2 %), or biopsy only (4.8 %) without PORT.
We found that the density of neurosurgical, radiation therapy and general oncology services varied geographically among different HSAs within the SEER registry. Moreover as seen in our previously published work [9] , there appears to be a geographic maldistribution of both specialists and hospitals across all HSAs within the United States (Figs. 1, 2) . Among the HSAs studied we found significant variability in the density of radiation oncology hospitals (median = 2.52 per 100,000 residents, range = 0-4.09), general oncology hospitals (median = 0.537, range = 0-14.3), neurosurgeons (median = 1.7, range = 0-5.13), and radiation oncology specialists (median = 1.42, range = 0-3.55). The median household income of HSAs analyzed was found to be $56,800 with a range of $24,770 to $90,800.
Predictors of gross resection are listed in Table 1 . Younger, married patients who lived in HSAs with higher median incomes were significantly more likely to receive gross total resection (p \ 0.001, p \ 0.001, p = 0.002). For every $10,000 increase in the median income of a HSA, a patient's likelihood of receiving gross resection increased by 7 %. Importantly, patient race, density of neurosurgeons, and density of oncology departments were not associated with complete resection.
Unmarried patients from HSAs with lower median incomes were associated with receiving biopsy only (p = 0.004, p \ 0.001). As the median income of a patient's HSA decreases by $10,000, a patient becomes 15 % more likely to receive biopsy only for treatment of GBM. Unmarried patients were 18 % more likely to receive biopsy only. Patient age, race, density of neurosurgeons, and density of oncology departments were not associated with likelihood of biopsy. These results are presented in Table 2 . Partial tumor resection was not associated with any patient, population, or health system characteristics analyzed in our model (Table 3) .
Overall, of the 8,337 patients diagnosed with GBM analyzed in our initial sample, 71.45 % received PORT. The predictors of PORT receipt are listed in Table 4 . As with extent of surgical resection, patient race was not associated with PORT receipt, but patient age and marital status were predictors of PORT receipt. Younger, married patients were more likely to receive PORT after surgery (p \ 0.001, p \ 0.001). Once again, the relative affluence of an HSA was significantly associated with a patient's likelihood of receiving treatment (p = 0.008). Every $10,000 increase in HSA median income increases the likelihood of PORT receipt by 6.3 %.
There was also a number of health system factors associated with PORT receipt. The density of primary care providers (PCPs) and density of radiation oncology equipped hospitals were significant predictors of PORT receipt (p = 0.024, p = 0.002). Importantly, while the density of oncology equipped hospitals predicts PORT receipt, the density of individual radiation oncologists and neurosurgeons were not associated with likelihood of receiving PORT. Overall, marital status and density of radiation oncology equipped hospital were the strongest predictors of PORT receipt (OR = 1.91, OR = 1.43).
Discussion
Recent evidence has shown improvement in the outcomes of patients diagnosed with GBM. However, this improvement is seen only in patients who receive the recommended multidisciplinary treatment [14] . Our findings confirm a geographic maldistribution of radiation therapy and general oncology services that leaves significant portions of the population without ready access to radiation therapy [9] . We found that patient age, marital status, and median income of HSA are significant predictors of surgical resection and PORT receipt. The density of radiation oncology departments was also a predictor of PORT receipt. Our findings suggest that hospital infrastructure may be more closely associated with variations in GBM management than is physician supply. Regional variations in socioeconomic status are also associated with discrepancies in GBM treatment.
Some authors have found the extent of surgical resection to be the most important prognostic factor of GBM mortality [15] . A number of tumor characteristics including size, location, stage, and histology influence a surgeon's ability to achieve complete tumor resection [16, 17] . Given that the extent of tumor removal is a strong predictor of survival, maximal resection should be attempted whenever possible, and tumor biopsy or partial resection should be considered only when total resection is determined to be unsafe or unfeasible [15, 17] . Our study corroborates previous findings that patient age and marital status predict likelihood of gross resection [18] . Furthermore, we found that every $10,000 increase in HSA median household income increases a patient's chances of achieving gross resection by 7 %.
One possible reason for the socioeconomic disparity of patients undergoing gross total resection may be that those living in HSAs with higher median incomes have better access to hospital resources and improved coordination of care. Another potential explanation is that individuals living in HSAs with higher median incomes present earlier in the disease course, and thus have smaller, more resectable tumors. Interestingly, neither the density of neurosurgeons, nor the density of general oncology equipped hospitals was associated with likelihood of total resection. This suggests other factors associated with socioeconomic status may play a larger role in extent of surgical resection than number of physicians and hospitals. For example, it is possible that surgeons in higher socioeconomic areas are more determined to obtain full resection, or patients from those areas are more ardent about pursuing one. It is also possible that patients from lower SES areas have more comorbidities, and thus are less likely to pursue or be eligible for aggressive treatment [19] . Interestingly, as compared to biopsy only, partial resection seems to improve outcomes, suggesting a survival benefit of tumor debulking [15] . We found that partial tumor resection was not associated with any predictors in our model, suggesting that other factors such as tumor characteristics play a more important role in limited resection than do social and health system factors. As compared with complete resections, limited resections may be relatively unplanned occurrences influenced largely by intraoperative events or findings. Surgical resection should ideally be followed by PORT administration, as some randomized controlled trials have found a doubling of survival in patients who receive PORT, [20, 21] with survival further improved with the administration of concurrent temozolomide [21] . Our study corroborates previous findings that PORT administration does not take place in a significant proportion of GBM patients, [22, 23] with increasing patient age and unmarried status being associated with a lower likelihood of PORT. As such, increased attention to and counseling for older, unmarried individuals may be warranted. Unique to our study is the finding that the median household income of a patient's HSA significantly influences the likelihood of PORT receipt. We found that the administration of PORT follows a similar trend to surgical resection in that every $10,000 increase in HSA median income increases a patient's likelihood of receiving PORT by approximately 6 %. The association of higher income and better patient outcomes is well documented in a number of oncologic and non-oncologic diseases, [24] [25] [26] [27] [28] but this is a new finding with respect to management of patients with GBM.
Interestingly, our findings indicate that it may not be the density of individual radiation oncologists, but rather the prevalence of radiation oncology centers that influences PORT receipt, suggesting a dominant role of hospital-level infrastructure over individual providers for addressing disparities in GBM management. It is possible that the large variations in treatment of GBM maybe related less to access to neurooncology services, but a larger apprehension of physicians to attempt aggressive surgery and radiation therapy for patients with less favorable prognosis.
While the prevalence of specialists such radiation oncologists and neurosurgeons was not associated with PORT receipt, the density of PCPs was. The reason for this effect is unclear. It may be that PCP density is a proxy for a robust health system and effective coordination of care. Regardless, this finding further substantiates the importance of a region's health infrastructure as a significant predictor of PORT receipt in patients with GBM. As we continue to search for ways to improve treatment of patients with GBM and other cancers, we would do well to keep in mind the influence of PCPs on early detection and comprehensive management.
Unlike in a variety of other cancers, [29] [30] [31] [32] [33] patient race was not associated with variations in surgical management or receipt of radiation therapy for patients with GBM. In this sense, the management of GBM is a model for other cancers, particularly those where race based disparity in treatment has been shown. However, this encouraging finding may be related to the relatively grave nature of GBM, and it is important to recognize the significant historical and pathophysiological differences between GBM and other malignancies. For example, while many breast and prostate cancer patients receive treatment in smaller free-standing centers, GBM patients more often receive care in large academic centers with access to coordinated neurosurgical, radiation therapy, and oncology departments. Furthermore, there is less controversy with regards to optimal screening and management of GBM patients as compared to other cancers. Lastly, the natural history of GBM predicts uniformly poor survival, while greater prognostic variation exists in other types of cancer.
Similar to other cancer types older patients were less likely to received PORT for GBM. This is perhaps in part due to the reticence of elderly patients to agree to begin a prolonged course of radiation therapy which may be physically taxing. With respect to GBM specifically, the negative age association seen perhaps is evidence of a clinical trend to treat high-grade gliomas with temozolomide alone. There is some evidence to suggest in patients over age 70 temozolomide without radiation therapy is associated with equivalent overall and event free survival for high-grade gliomas. [34] The omission of radiation therapy for GBM among the elderly is an area of ongoing research that remains controversial.
Limitations
Our study has several limitations. Because the SEER dataset comprises only 28 % of the US population, we must be cautious about generalizing findings to the country as a whole. That being said, the SEER dataset has a relatively diverse geographic representation of health systems across the United States and includes registries from both rural and urban regions in many states. Another limitation of the SEER dataset is that it does not provide specific information regarding radiation therapy technique, dosage, and volume. However, this likely has a greater effect on survival analysis than on receipt of radiation therapy, the main variable assessed in this study. Finally, recent evidence has found the SEER dataset to underestimate the receipt of radiation therapy following breast-conserving surgery [35] . There however has been no similar evidence to suggest under ascertainment for PORT in the setting of GBM.
The ARF also has several limitations to be noted. First, the physician location data from the ARF is aggregated from the American Medical Association (AMA) Physician Masterfile. Because the AMA Masterfile does not account for physicians with multiple practices in different regions, it is possible that we overestimate the geographic clustering J Neurooncol (2013) 112:393-401 399 of radiation oncologists and neurosurgeons. However, while these specialists may practice in multiple locations, it is likely that their practices fall within the same HSA. Second, the ARF does not contain information regarding freestanding radiation therapy centers within different health systems. For future studies it maybe useful to obtain more comprehensive radiation therapy center data from the American Society for Radiation Oncology (ASTRO).
Unfortunately at the time of this study this data was unavailable. Nonetheless, our analysis suggests a relative maldistribution of radiation therapy services across the United States. Finally, our study does not examine other barriers to care such as lack of health insurance and whether radiation oncology centers accept Medicaid payment for their services. These unexamined factors may also contribute to the disparities highlighted in this paper.
Conclusion
In conclusion, there exist meaningful discrepancies in the receipt of two important predictors of survival (i.e., gross resection and PORT) persist. Specifically, our findings confirm that patient factors such as age and marital status influence a patient's likelihood of receiving full surgical resection and PORT. Furthermore, our findings suggest that a geographic maldistribution of oncology services and SES discrepancies in HSAs may have serious clinical implications for patients with GBM. Thus, policies aimed at narrowing disparities in treatment may need to focus on improving coordination of care and addressing gaps in oncology department density. Further studies are warranted to better understand the influence of health system resources on the extent of surgical resection and PORT receipt for GBM.
